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Furthermore, they are sensibly circumspect about mechanistic understanding of the complexity of living
how generalized their conclusions are. The paper takes organisms.
as its prime example signaling by the BMP-like molecule
Dpp in the Drosophila wing (Entchev et al., 2000; Tele- Matthew Freeman
man and Cohen, 2000). They and others have noted MRC Laboratory of Molecular Biology
that signaling characteristics may be quite different in Hills Road
different developmental and cellular contexts. Trans- Cambridge CB2 2QH
cytosis may not occur in the wing, but perhaps it does United Kingdom
elsewhere. Even more plausibly, different morphogens
may well use different transport mechanisms. The main
signals that work as morphogens are members of the Selected Reading
TGF-, Hedgehog, and Wnt pathways. These proteins
Bhalla, U.S., and Iyengar, R. (1999). Science 283, 381–387.have very different biochemical and biophysical proper-
ties, so although, for example, Lander et al. note charac- Entchev, E.V., Schwabedissen, A., and Gonzalez-Gaitan, M. (2000).
Cell 103, 981–991.teristics of diffusive transport in the data corresponding
Greco, V., Hannus, M., and Eaton, S. (2001). Cell 106, 633–645.to Wnt gradients, more experimental work will be
needed to test this. Gurdon, J.B., Harger, P., Mitchell, A., and Lemaire, P. (1994). Nature
371, 487–492.Of course the big question is: are the theoretically
Kerszberg, M., and Wolpert, L. (1998). J. Theor. Biol. 191, 103–114.derived conclusions of Lander et al. correct? What really
happens in developing organisms? And there’s the rub. Lander, A.D., Nie, Q., and Wan, F.Y.M. (2002). Dev. Cell 2, this issue,
785–796.Theoretical biology alone cannot provide experimental
tests of the predictions and assumptions on which the McDowell, N., Gurdon, J.B., and Grainger, D.J. (2001). Int. J. Dev.
Biol. 45, 199–207.models are based. This is not, and could not be, the
Moline, M.M., Southern, C., and Bejsovec, A. (1999). Developmentfinal word. Lander et al. go a considerable way toward
126, 4375–4384.opening a useful dialog between the two cultures of
Strigini, M., and Cohen, S.M. (2000). Curr. Biol. 10, 293–300.biology, but their paper also emphasizes that the sepa-
ration of these cultures slows progress toward a true Teleman, A.A., and Cohen, S.M. (2000). Cell 103, 971–980.
in an intervening interchromosome compartment thatThe Undiscovered Country:
runs throughout the nucleus. Postulated nearly 10 yearsChromosome Territories and ago, the ICD model predicted that genes, in order to
make them accessible to the transcription and splicingthe Organization of Transcription
apparatus confined to the ICD, would be preferentially
localized to the periphery of chromosome territories
(CTs) (see Figure) (Cremer et al., 1993). Supporting a
The interchromosome domain (ICD) model proposes growing body of evidence, a recent paper in the Journal
that genes are selectively positioned at the surfaces of Cell Biology by Bickmore and colleagues suggests
of chromosome territories to facilitate their regulation. that the conception of the interchromosome compart-
A paper in the May 13 issue of the Journal of Cell ment as a channel between the surfaces of CTs is more
Biology provides evidence that supports a reinterpre- convoluted than expected (Mahy et al., 2002).
tation of this model. Immunolabeling and electron microscopy (EM) exami-
nation of chromatin structure had revealed that inter-
Fluorescence in situ hybridization (FISH) has become chromatin granules (“nuclear speckles”) rich in splicing
an experimental guide in the growing exploration of the components colocalize with perichromatin fibrils (de-
functional organization of the interphase nucleus. The condensed chromatin), while RNA FISH had detected
use of FISH to detect both genomic loci and RNA, in transcript “tracks” from the site of transcription to the
conjunction with 3- and 4D microscopy, has greatly ex- nuclear periphery (see Figure) (reviewed in Cremer et
panded our understanding of the spatial compartmen- al., 1993 and Misteli and Spector, 1998). The foundation
talization of inactive and active genes. For example, a for the ICD model came when Lichter and colleagues
number of recent studies have demonstrated that inac- determined the relationship between transcripts from an
tive genes selectively colocalize with two characterized integrated virus to its respective chromosome territory,
transcriptionally repressive subcompartments, centro- demonstrating that the RNA (as well as splicing factors)
meric heterochromatin and the nuclear periphery (Fran- were excluded from the CT (Zirbel et al., 1993). The
castel et al., 2000). Importantly, the combination of FISH correlation was extended by an analysis of the relative
with whole chromosome paints in mammalian cells led position of genes and CTs, which revealed the preferen-
to the proposal of a unifying paradigm for the nuclear tial localization of genes, and not intergenic DNA, to
organization of active transcription: the interchromo- the territorial surfaces (Kurz et al., 1996). More recently,
some domain (ICD) model (Cremer et al., 1993). Sheer and colleagues demonstrated that the human ma-
The ICD model is based upon the observation that jor histocompatibility complex (MHC) region displays a
cell- and activity-dependent organization in a large loopchromosomes exist as discrete territories, which results
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Nuclear Organization of Transcription
The two-part diagram shows the transforma-
tion of the interchromosome domain (ICD)
model to the interchromatin compartment
(IC) model. It was originally posited that RNA
and the transcript processing machinery are
localized in a channel, known as the ICD,
among the chromosome territories (CTs). Ac-
tive genes had been shown to be localized to
the surface of the territories, whereas inactive
genes were found at both the surface and
interior of the territory. Recent evidence has
demonstrated that transcription is not con-
fined to the ICD, but also takes place at the
surface of the folded chromosomal subdo-
mains that are located within the CT. (Note:
In the bottom half of the figure, the smaller blue
domains together constitute a single CT.)
emanating from the territory of chromosome 6 (Volpi et and PAX6 loci in cell lines in which one or the other was
expressed, did not reveal a transition of either gene toal., 2000). These results strongly support the hypothesis
that genes are preferentially positioned in the ICD for a more peripheral localization. Therefore, the territorial
position of the WAGR region was not altered by expres-transcription to occur.
Although the analysis of a select number of genes sion. The general pattern observed in lymphoblast nuclei
was verified when tested in another cell type (primaryappears to validate the central postulate of the ICD
model, mounting evidence argues for an elaboration of fibroblasts) under 2D or 3D FISH conditions.
Significantly, the authors also used 2D FISH to exam-the exact nature of the interchromosome domain. van
Driel and colleagues used a histone H2B-green fluores- ine the syntenic regions of 11p13 and 11p15 located on
mouse chromosomes 2 and 7, respectively. The murinecent protein (GFP) fusion to explore the fine structure
of chromosome territories (Verschure et al., 1999). By and human WAGR regions are conserved at the level of
gene order and spacing. Interestingly, the respectivedetecting nascent RNA relative to the H2B-GFP-visual-
ized chromatin, they showed that transcription does oc- regions of mouse/human synteny displayed similar posi-
tions relative to the periphery of their particular CTs: ascur at the surface of CTs, but that this surface runs
throughout the territory. Furthermore, immuno-EM anal- in humans, the murine WAGR region was located more
internally than the peripheralized position of the regionysis of CTs after incorporation of BrdU has confirmed
that the interchromosome domain is contiguous with syntenic to 11p15. Based on these findings, Bickmore
and colleagues suggest that chromosome domains,the space between the chromatin subdomains of a chro-
mosome territory, creating an interchromatin compart- such as WAGR and 11p15, possess evolutionarily con-
served territorial positions relative to the CT peripheryment (Visser et al., 2000). Therefore, the surface of a CT
follows a convoluted path throughout a territory. These that may not correlate with their state of activity.
As discussed above, the concept of the interchromo-observations have led to a transformation of the ICD
model into the interchromatin compartment (IC) model some domain has been modified recently to include the
space that is created by the folding of subchromosomal(see Figure) (Cremer and Cremer, 2001).
Bickmore and colleagues have now examined the re- domains. To test this IC model, Bickmore and coworkers
examined the subterritorial position of the RCN locuslationship between gene expression and CT location of
a 1 Mbp domain of human chromosome 11 (11p13), and an intergenic domain located 300 kb distal. In 3D
FISH on primary fibroblasts, the RCN locus consistentlya region involved in the Wilms’ tumor, aniridia, genitouri-
nary anomalies, mental retardation (WAGR) syndrome displayed a position away from regions stained by a
paint for the p arm of chromosome 11, while the in-(Mahy et al., 2002). Performing 2D FISH with locus-spe-
cific probes and whole chromosome paints, the authors tergenic probe typically localized within an intensely
stained portion of the 11p territory. These data conformdetermined the localization of ubiquitous (RCN and
PAXNEB) and tissue-restricted (WT1 and PAX6) genes, to the revised IC model for transcriptional organization.
However, the authors also suggest that the tissue-as well as intergenic regions, in lymphoblast nuclei.
When compared with a distal chromosome 11 region restricted genes do not display the same behavior as
the RCN locus. Although this would have provided the(11p15), the entire 11p13 domain displayed a more inter-
nalized position within the CT. The ubiquitously ex- first evidence that genes that are actively transcribed
do not exist at either the CT surface or the surface of apressed RCN and PAXNEB genes displayed a CT local-
ization pattern essentially similar to the unexpressed chromosome subdomain, it is difficult to assess this
finding as it is unpublished.lineage-specific genes within the WAGR region. More-
over, 3D examination of the CT positions of the WT1 Bickmore and colleagues have challenged the original
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invocation of the ICD model with this latest study. It is Steven T. Kosak1 and Mark Groudine1,2
1Division of Basic Sciencesclear both from this work as well as the recent evidence
Fred Hutchinson Cancer Research Centercited above, that the interchromosome domain is not
1100 Fairview Avenue Northlimited to the surface of CTs. Rather, the intervening
Seattle, Washington 98109space between CTs is extended into the invaginations
2 Department of Radiation Oncologycreated by the folded pattern of chromosome subdo-
University of Washington School of Medicinemains. As with any good hypothesis, the ICD model has
Seattle, Washington 98195presented a concrete set of assumptions that have been
readily tested. Our understanding of the ICD has evolved
into a fuller appreciation for the organization of chromo- Selected Reading
some territories. It is important to note that only a limited
number of genes/loci have been examined in terms of CT Cremer, T., Kurz, A., Zirbel, R., Dietzel, S., Rinke, B., Schro¨ck, E.,
Speicher, M.R., Mathieu, U., Jauch, A., Emmerich, P., et al. (1993).and expression. Understandably, it is therefore unclear
Cold Spring Harb. Symp. Quant. Biol. 58, 777–792.that all genes will behave similarly. Thus, the current
Cremer, T., and Cremer, C. (2001). Nat. Rev. Gen. 2, 292–301.challenge for the field is to ascertain the generality of
Francastel, C., Schu¨beler, D., Martin, D.I.K., and Groudine, M. (2000).the localization patterns so far observed. The central
Nat. Rev. Mol. Cell Biol. 1, 137–143.
question is whether particular types or classes of genes
Kurz, A., Lampel, S., Nickolenko, J.E., Bradl, J., Benner, A., Zirbel,
demonstrate a conserved territorial position. An exami- R.M., Cremer, T., and Lichter, P. (1996). J. Cell Biol. 135, 1195–1205.
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Work on these pathogens, which use dynamic “actinLooking over the Edge:
comets” to propel themselves both inside and betweenA New Role for Ena/VASP Proteins cells, has been instrumental in identifying activators of
actin polymerization and in delineating the contributionsin Lamellipodial Dynamics
of host proteins to this process (Frischknecht and Way,
2001; Goldberg, 2001). Reconstitution of Listeria motility
using purified components in vitro has allowed identifi-
How can Ena/VASP proteins promote actin-based cation of the minimal core set of factors necessary to
movement of the intracellular pathogen Listeria or generate movement and some of the physical con-
rapid protrusion of lamellipodia but at the same time straints that apply (Bernheim-Groswasser et al., 2002;
inhibit cell translocation? A report in the May 17th issue Cameron et al., 1999; Loisel et al., 1999). Dissection of
of Cell now offers a possible explanation for this co- the actin-based motility of pathogens has clearly been
nundrum. Bear et al. report that Ena/VASP proteins extremely useful, but how far can we extend the analogy
regulate cell motility by competing with capping pro- to cell motility sense?
teins to control actin filament length and geometry at The first clear signs that actin-based motility of patho-
the leading edge of cells. gens and cells are not equivalent came from the studies
using cells derived from mice lacking Ena/VASP proteins
The past few years have seen impressive and rapid (Bear et al., 2000). Previous observations had demon-
progress in the molecular dissection of the highly regu- strated that Ena/VASP proteins promote and enhance
lated process of actin polymerization at the plasma actin-based motility of Listeria (Loisel et al., 1999). In
membrane, which provides the driving force behind addition, a positive correlation between the amount of
many types of cell movement. Our current understand- VASP at the leading edge of cells and the rate of lamelli-
ing of actin-based motility is founded on many years of podial protrusion had also been reported (Rottner et al.,
observations, but has benefited greatly from studies on 1999). It was therefore somewhat surprising that cells
intracellular pathogens including Listeria, Shigella, and deficient in Ena/VASP proteins exhibited increased
crawling, indicating that these proteins act as negativevaccinia (Frischknecht and Way, 2001; Goldberg, 2001).
